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FIELD OF THE INVENTION 



This invention relates to a method of forming a sealed female fastener and panel 
assembly, the resultant sealed female fastener and panel assembly and a self-piercing or 
clinching female fastener element which may be formed by conventional cold forming 
techniques having a round or generally cylindrical pilot portion, an annular flange 
portion surrounding the pilot portion and an annular re-entrant groove in the flange 
portion, wherein the pilot portion is shaved during installation by a die member forming 
an integral annular portion deformed against an inner portion of the panel portion 
which is deformed into the re-entrant groove. 

BACKGROUND OF THE INVENTION 

Self-attaching female fastener elements including pierce and clinch nuts were 
developed by Multifastener Corporation, the predecessor in interest of the Assignee of 
this application. Pierce and clinch nuts are generally installed in a metal panel in a die 
press which may also be utilized to form the panel, wherein an installation head is 
installed in one die shoe or platen of the die press, generally the upper die shoe, and a 
die member or die button is installed in the other die shoe, generally the lower die shoe. 
The installation head receives the self-attaching fasteners and the fasteners are then 
installed by a reciprocating plunger in the installation head with each stroke of the die 
press. U.S. Patent Nos. 3,187,769, 3,648,747 and 3,711,931, all assigned to the 
Assignee of the predecessor in interest of the Assignee of the present application, 
illustrate the types of self-attaching female fasteners available from the Assignee of this 
application. 

Self-attaching female fasteners may alternatively be utilized as pierce or clinch 
nuts, wherein pierce nuts pierce an opening in the panel and clinch nuts are installed in 
a pre-pierced panel opening. The self-attaching fasteners illustrated in the above- 
referenced patents are formed by rolling, wherein a metal wire is progressively rolled 
into a nut strip having the cross-section of the desired fastener, the strip is then pierced, 



wo 03/062651 



PCTAJS02/40278 



forming the nut bore, and the rolled section is then chopped or severed to provide the 
desired length. The nut bore is then generally tapped and the self-attaching female 
fastener is ready for installation as described above. Such fasteners are presently used 
in mass production applications, such as used by the automotive and appliance 
5 industries. The pierce nuts disclosed in the above-referenced U.S. Patent Nos. 
3,648,747 and 3,711,931 have superior performance characteristics including improved 
push-off strength and provide a flush mounting on the panel. The improved push-off 
strength is provided by the parallel "re-entrant" grooves in the flange portions adjacent 
the pilot portion. As used herein, a "re-entrant" groove includes a bottom wall and 

10 relatively inclined side walls, wherein the entrance to the groove at the flange portion 
has a width which is smaller than the width of the bottom wall of the groove providing 
a more secure retention of the panel deformed into the groove. The panel is deformed 
into the groove by a die member or die button having parallel lips which deform the 
panel against the bottom wall of the grooves and beneath the inclined side wall or walls 

15 of the grooves. In one preferred embodiment, both side walls of the grooves are 
relatively inclined forming parallel dovetail-shaped grooves providing superior 
performance. However, a re-entrant groove may have only one inclined side wall, 
preferably the outer groove side walls furthest from the pilot. 

As will be understood by those skilled in this art, the self-attaching fasteners 

20 described above formed by rolling are limited in shape. That is, the rolled nut must be 
generally rectangular including a rectangular pilot portion having a rectangular end face 
and rectangular flange portions on opposed sides of the pilot portion, each having an 
end face generally spaced below the end face of the pilot portion and the parallel re- 
entrant grooves are formed in the flange portions adjacent the pilot portion. However, 

25 in certain applications, it would desirable for a pierce nut to have a round or generally 
cylindrical pilot portion and a flange portion which surrounds the pilot portion, which 
cannot be presently formed by conventional roll forming techniques. 

The method of forming the self-attaching female fastener element of this 
invention is disclosed in a co-pending application filed concurrently herewith. The 

30 self-attaching female fastener element of this invention is particularly suitable for 
applications requiring a seal between the female fastener and the panel following 
installation, such as an oil or transmission pan nut as disclosed herein. The method of 
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this invention forms a sealed joint between the female fastener and the panel assembly 
and may be installed in a panel by a conventional die press with one stroke of the die 
press as further disclosed below. 

5 SUMMARY OF THE INVENTION 

The method of forming a sealed female fastener and panel assembly of this 
invention utilizes a female fastener including an annular pilot portion having an annular 
end face, a bore extending through the pilot portion through the end face, an annular 
flange portion surrounding the pilot portion having an annular end face parallel to the 

10 plane of the end face of the pilot portion and an annular groove in the flange portion 
having a bottom wall and relatively inclined side walls or an annular re-entrant groove 
as described above. In one preferred embodiment, the plane of the end face of the 
flange portion is spaced below the plane of the annular end face of the pilot portion. 
The method of this invention includes driving an annular lip of a die member against a 

15 panel engaging the annular end face of the pilot portion, wherein the annular lip of the 
die member has an inner diameter less than an outer diameter of the annular end face of 
the pilot portion and an outer diameter less than an inner diameter of the annular outer 
side wall of the annular groove. The annular lip of the die member thus pierces a slug 
from the panel having a diameter less than an outer diameter of the annular end face of 

20 the pilot portion and forms an opening through the panel. In a preferred embodiment, 
the annular lip of the die member includes a generally cylindrical inner surface, such 
that a panel slug is pierced between the cylindrical inner surface and the annular end 
face of the pilot portion, a planar annular end face and an annular arcuate outer face. 

The method of this invention then includes continuing to drive the annular end 

25 face of the annular lip of the die member against a panel portion surrounding the 
opening pierced in the panel and against an outer periphery of the annular end face of 
the pilot portion, thereby shaving an integral annular outer portion of the pilot portion 
against an opposed or upper portion of the panel portion being deformed into the 
annular re-entrant groove. 

30 Finally, the annular end face of the lip of the die member is driven against a 

panel portion surrounding the panel opening, which deforms the panel portion against 
the annular bottom wall of the annular re-entrant groove and radially beneath the 



wo 03/062651 



-4- 



PCT/US02/40278 



inclined outer side wall of the annular groove. The shaved annular outer portion of the 
pilot portion is then driven against the opposed inner portion of the panel forming a 
secure sealed joint between the female fastener element and the panel. The resultant 
panel assembly thus includes a first annular panel portion supported by the annular end 
5 face of the flange portion, a second annular portion deformed around the annular 
inclined outer side wall of the annular groove into the groove and a third integral 
annular portion which is deformed against the bottom wall of the groove by the annular 
lip of the die member as described above. In the preferred embodiment, wherein the 
inclined outer side wall of the groove is arcuately inclined, the second annular panel 

10 portion conforms to the arcuate annular shape of the outer side wall of the groove. 
Further, because the pilot portion is shaved by a cylindrical inner surface of the annular 
die lip, the pilot portion above the third panel portion is cylindrical and the portion 
shaved from the pilot portion includes an arcuate surface deformed against and into the 
inner edge of the third annular panel portion. 

15 The disclosed embodiment of the self-attaching female fastener element of this 

invention thus includes a generally cylindrical central pilot portion including an annular 
generally planar end face, a bore extending through the pilot portion through the end 
face, an annular flange portion surrounding the pilot portion having a generally planar 
end face which may be spaced below the end face of the pilot portion and an annular 

20 re-entrant groove in the flange portion surrounding the pilot portion including a bottom 
wall and relatively inclined inner and outer side walls deHning an annular re-entrant 
groove. In the disclosed embodiment, the outer side wall of the annular re-entrant 
groove is arcuately inclined radially inwardly toward the pilot portion from adjacent the 
bottom wall to adjacent the end face of the flange portion and the inner side wall is 

25 arcuately inclined radially outwardly from adjacent the bottom wall to the level or 
plane of the annular end face of the flange portion and the exposed outer surface of the 
pilot portion may be generally cylindrical. In one preferred embodiment, the bottom 
wall includes annular arcuate surfaces adjacent the inner and outer side walls providing 
a smooth transition between the inner and outer side walls and the bottom wall. 

30 Other advantages and meritorious features of the method of forming a sealed 

female fastener and panel assembly, the resultant female fastener and panel assembly 
and self-piercing female fastener of this invention will be more fully understood from 



wo 03/062651 PCTAJS02/40278 

-5- 

the following description of the preferred embodiments, the appended claims and the 
drawings, a brief description of which follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Figure 1 is a top view of one embodiment of the self-attaching female fastener 

of this invention; 

Figure 2 is a side cross-sectional view of the female fastener element shown in 
Figure 1 in the direction of view arrows 2-2; 

Figure 2A is an enlarged partial cross-sectional view of Figure 2; 
10 Figure 3 is an enlarged partial side cross-sectional view of the female fastener 

shown in Figures 1 and 2 with installation tooling as the female fastener is driven 
against a panel; 

Figure 4 is a partial cross-sectional view of the female fastener and installation 
tooling during the initial piercing of the panel; 
15 Figure 5 is a partial cross-sectional view similar to Figure 4 illustrating a further 

sequence in the method of installation; 

Figure 6 is a side partially cross-sectioned side view similar to Figures 4 and 5 
following installation of the female fastener in a panel; and 

Figure 7 is a top perspective view of perspective view of the female fastener. 

20 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As set forth above, this invention relates to a self-attaching female fastener 
which may be utilized as a pierce or clinch nut, a method of attaching or installing a 
self-attaching female fastener in a panel and a sealed female fastener and panel 

25 assembly. As will be understood, this disclosure of the preferred embodiments are for 
purposes of illustration only and various modifications may be made to the self- 
attaching female fastener, method of installation and assembly of this invention within 
the purview of the appended claims as discussed further below. The embodiment of the 
self-attaching female fastener 20 illustrated in Figures 1, 2, 2A and 7 may be utilized as 

30 a self-piercing female fastener or pierce or clinch nut as described below with regard to 
the method of installation in a panel. 
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The self- attaching female fastener 20 illustrated in Figures 1 and 2 includes a 
central annular generally cylindrical pilot portion 22 having a generally planar annular 
end face 24, a bore 26 through the pilot portion 22 through the annular end face 24, an 
annular flange portion 28 surrounding the pilot portion 22 having a generally planar 
5 annular end face 30 and an annular re-entrant groove 32 surrounding the pilot 
portion 22. In the disclosed embodiment, the annular re-entrant groove 32 includes a 
bottom wall 34, an annular outer wall 36 radially inclined toward the pilot portion 22 
and an annular inner side wall 38 inclined radially outwardly from adjacent the bottom 
wall toward the flange portion 28. As set forth above, the term "re-entrant groove" 

10 means that the entrance to the annular groove 32 at the end face 30 of the flange portion 
20 has a radial width less than the width of the bottom wall 34 providing improved 
retention when installed in a panel as described below. In a preferred embodiment, the 
annular outer wall 36 is inclined to provide a re-entrant groove. However, in the 
disclosed embodiment, the re-entrant groove 32 further includes an inner groove wall 

15 38 inclined from adjacent the bottom wall 34 toward the pilot portion and the end 
portion 44 which projects above the plane of the end face 30 of the flange portion is 
generally cylindrical as shown in Figures 2 and 2A. The annular re-entrant groove 32 
in the disclosed embodiment is thus dovetail-shaped providing improved retention 
when installed in a panel. 

20 As shown more clearly in Figure 2A, which is an enlarged cross-sectional view 

of the re-entrant groove 32 of the self-piercing female fastener element 20, the outer 
side wall 36 of the annular re-entrant groove is arcuately inclined radially inwardly 
from adjacent the bottom wall 34 and the inner groove wall 38 is arcuately inclined 
from adjacent the bottom wall 34 radially inwardly and includes an arcuate surface or 

25 fillet 40 between the bottom wall 34 and the arcuately inclined outer side wall 36. 
Further, the arcuately inclined outer side wall 36 includes an arcuate fillet 41 which 
blends into the annular end face 30 of the annular flange portion 28. Similarly, the 
inner side wall 38 of the annular re-entrant groove 32 is arcuately inclined from 
adjacent the bottom wall 34 radially outwardly toward the annular flange portion 28 to 

30 the generally cylindrical end portion 44 and includes an arcuate inner surface 42 which 
projects above the annular end face 24 of the annular flange portion 28. The arcuate 
surfaces, particularly the arcuately inclined outer side wall 36 and the arcuate fillets 40 
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and 41 provide improved metal flow of the panel during installation, which is 
advantageous when forming a sealed fastener and panel assembly as described below. 
As shown in Figure 1, this embodiment of the self-attaching female fastener element 20 
further includes polygonal flat surfaces 46 and the bottom wall 34 of the annular re- 
5 entrant groove 32 includes circumferentially spaced arcuate protrusions 48 which 
prevent or inhibit rotation of the female fastener element 20 on a panel following 
installation. The disclosed embodiment of the female fastener element 20 further 
includes an integral tubular portion 49 as shown in Figure 2, which is concentric with 
the pilot portion 22. In the disclosed embodiment, the bore 26 is internally threaded or 

10 tapped. However, the bore may also be cylindrical for receipt of a thread fomiing or 
thread rolling male fastener element (not shown). 

As described above, self-attaching fastener elements are conventionally 
installed in a die press (not shown), wherein an installation head (not shown) is 
installed in the upper die shoe of the die press and a die member or die button is 

15 installed in the lower die shoe. As shown in Figure 3, the self-attaching female fastener 
20 of this invention utilized as a pierce nut is presented to a panel 52 by a plunger 54, 
generally reciprocable in the installation head (not shown), wherein the panel 52 is 
supported on a die button 56. The plunger 54 includes a tubular end portion having a 
bore 58 configured to receive the tubular end portion 48 of the female fastener 20 and a 

20 planar annular end portion 60 which is driven against the back face 50 of the flange 
portion 28. The die button 56 includes a projecting annular lip portion 62 including a 
cylindrical bore 64 having an internal diameter less than the external diameter of the 
generally cylindrical end portion 44 of the pilot portion 22, an annular planar end face 
66 and an arcuately inclined outer face 68 including a diameter less than the minor 

25 diameter of the inclined outer side wall 36 of the annular re-entrant groove 32. The die 
button further includes an annular planar die face circumscribing the projecting annular 
lip 62. As shown in Figure 3, the annular pilot portion 22 is coaxially aligned with the 
projecting annular lip 62 of the die button as the plunger 54 drives the self-piercing 
female fastener 20 against the panel 52. 

30 As shown in Figure 4, the panel 52 is then pierced between the intersection of 

the cylindrical bore 64 and the planar annular end face 66 of the die button 56 and the 
cylindrical outer surface 44 of the pilot portion 22 partially piercing a slug from the 
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panel 52. As shown in Figure 5, the panel is then pierced forming a circular slug 72 
and a circular opening 74 in the panel 52 which is received in the bore 58 of the die 
button 56. Figure 5 further illustrates the dimensional relation between the annular lip 
62 of the die button and the pilot portion 22 of the self-piercing female fastener element 
5 20, wherein the internal diameter of the bore 64 of the annular lip 62 is less than the 
external diameter of the cylindrical end portion 44 of the pilot portion 22 and the 
arcuately inclined outer face 68 has a minor outer diameter less than the major inner 
diameter of the arcuately inclined outer side wall 36 of the re-entrant groove. Thus, 
upon continued driving of the female fastener element 20 against the die button 56 by 

10 the plunger 54, the annular end face 66 of the die button 56 shaves an annular portion 
76 (Figure 6) from the outer periphery of the pilot portion 22, forming an integral 
annular radially inwardly extending portion or protrusion 76 which overlies the annular 
panel portion 78 as shown in Figure 6. Simultaneously, the annular lip 62 of the die 
button 56 is driven against the annular panel portion 78, and the panel portion 78 is 

15 driven against the bottom wall 34 of the annular re-entrant groove 32, which deforms 
the annular panel portion radially beneath the arcuately inclined outer side wall 36 of 
the annular re-entrant groove. 

Figures 6 also illustrates the female fastener and panel assembly of this 
invention. As best shown in Figure 6, the panel 52 includes a first annular portion 

20 overlying and contacting the annular end face 30 of the flange portion, a second annular 
portion 80 which is deformed around the arcuately inclined outer side wall 36 of the 
annular re-entrant groove in close contact and simultaneously thinned, as shown, and a 
third annular panel portion 78 which is deformed against the bottom wall 34 of the re- 
entrant groove and deformed radially beneath the arcuately inclined outer side wall 36 

25 of the re-entrant groove as shown. The annular radial protrusion 76, which is shaved 
from the periphery of the generally cylindrical end portion 44 of the pilot portion 22, 
has an arcuate surface 82 which is deformed into the annular panel portion 78 and the 
shaved surface 44a of the pilot portion is cylindrical. The resultant female fastener and 
panel assembly shown in Figures 6 has superior push-off strength and the joint is 

30 sealed. The female fastener 20 is thus self-piercing and provides superior performance 
for applications requiring a seal between the female fastener 20 and the panel 52, such 
as an oil pan or transmission pan nut or bung for a liquid container. Where torque 
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resistance is desired, the bottom wall 34 of the re-entrant groove may include various 
anti-rotation means, such as the circumferentially spaced arcuate protrusions 48 shown 
in Figures 1 and 7, wherein the panel portion 78 deformed against the bottom wall of 
the groove conforms to the shape of the anti-rotation means preventing rotation of the 
5 female fastener 20 on the panel 52 as shown in Figure 6. The female fastener and panel 
assembly also results in a flush mounting of the female fastener 20 on the panel 52 as 
shown in Figure 6, such that a bracket or other panel (not shown) may be secured to the 
female fastener and panel assembly without embossing the second panel. Further, the 
annular re-entrant groove 32 provides superior push through and push-off performance 

10 over conventional fasteners. 

As will be understood by those skilled in the art, various modifications may be 
made to the self-attaching female fastener element, panel assembly and method of 
installation of this invention within the purview of the appended claims. For example, 
as set forth above, the female fastener bore 26 may be cylindrical and unthreaded for 

15 receipt of a thread forming or thread rolling male fastener element. Further, the re- 
entrant groove may include only one inclined wall, preferably the outer groove wall as 
discussed above. Various torque resistant means may also be utilized including, for 
example, radial depressions or protrusions in the groove bottom wall or the annular end 
or bearing face 30 of the female fastener element may include radial depressions or 

20 protrusions. As used herein, the term "annular" is not limited to circular; however, the 
pilot portion is preferably generally cylindrical, as shown and described. The invention 
is now claimed, as follows. The self-attaching female fastener of this invention may 
also be utilized as a clinch nut and form a sealed fastener and panel assembly, wherein 
the opening 74 through the panel 52 is preformed in the panel prior to driving the pilot 

25 portion 24 against the annular lip 62 of the die button 56 as shown in Figures 5 and 6. 
Finally, in certain applications, it is desirable to have the annular end face 30 of the 
annular end face 30 of the flange portion flush with the annular end face 24 of the pilot 
portion 22 rather than spaced below the plane of the annular end face 24 as shown in 
the drawings. 



